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CONNECTOR AND SEMICONDUCTOR
TESTING DEVICE INCLUDING THE
CONNECTOR

FIELD OF THE INVENTION

The present 1invention relates to a connector including a
plate spring-shaped terminal, and to a semiconductor testing,
device including the connector. In particular, the present
invention relates to technology for reducing force required at
the time of 1nserting an electronic component nto the con-
nector, and of securing suilficient force to press the terminals
onto conductors formed 1n the electronic component.

BACKGROUND OF THE INVENTION

Heretofore, a connector including plate spring-shaped ter-
minals has been used. The connector disclosed 1n Patent
Document 1 includes: a housing having an insertion hole
formed therein, into which an electronic component (for
example, a circuit board, terminal of cable, and the like) for
connecting with the connector can be inserted; and a terminal
inserted into the msertion hole. The terminal 1s formed 1nto a
plate-spring shape elongated 1n a direction 1n which the elec-
tronic component 1s inserted. The terminal includes, on its tip
side, a contact portion located on a course through which the
clectronic component passes at the time of its insertion. In an
insertion process of the electronic component, the tip portion
of the electronic component pushes the contact portion, and
consequently, the terminal 1s elastically deformed such that
the contact portion retreats from the course of the electronic
component.

In the 1nsertion process of the electronic component, when
the tip of the electronic component 1s mserted by a required
distance while pushing the contact portion, a reaction force
(force 1n an opposite direction to the insertion direction,
which 1s mainly caused by elastic force of the terminal and
frictional force between the terminal and the electronic com-
ponent) resulting from the elastic force of the terminal 1s
generated. Therefore, 1t 1s necessary to press the electronic
component into the connector with a force (hereinafter, inser-
tion force) exceeding the reaction force. Then, after the elec-

tronic component 1s pressed into the connector, and the tip of

the electronic component passes by the contact portion, the
contact portion 1s pressed onto a conductor, which 1s formed
on a surface of the electronic component, by the elastic force
of the terminal.

SUMMARY OF THE INVENTION

However, 1n the conventional connector described above, it
has been difficult to secure suilicient force (hereinaiter, con-

tact force) to press the contact portion onto the conductor of

the electronic component while reducing the insertion force
for inserting the electronic component. Specifically, when the
clastic force of the terminal 1s decreased 1n order to reduce the
insertion force required for inserting the electronic compo-
nent, the contact force 1s also decreased and, as a result, bad
clectrical contact 1s likely to be caused between the contact
portion of the connector and the conductor of the electronic
component. Meanwhile, when the elastic force of the termi-
nal 1s increased, the force of reaction resulting from the elastic
force 1s also increased, and as a result, the required 1nsertion
force 1s also 1ncreased.
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the foregoing problems. It 1s an object of the present invention
to provide a connector capable of securing suificient contact
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force while reducing the insertion force required 1n the inser-
tion process of the electronic component, and to provide a
semiconductor testing device including the connector.

In order to solve the above-mentioned problems, a connec-
tor according to the present invention, includes: a terminal
formed 1nto a plate spring shape and arranged to extend 1n an
insertion direction of an electronic component to be con-
nected to the connector; and a housing having an insertion
hole formed therein, the insertion hole being formed such that
the electronic component can be mnserted into the insertion
hole and accommodating the terminal. The terminal includes
a movable portion and a fixed portion. The movable portion
includes a contact portion on 1ts tip side, and the contact
portion 1s located on a course in the msertion hole, through
which the electronic component passes. The movable portion
extends from the contact portion toward a side surface of the
insertion hole, the side surface being located apart from the
course. The fixed portion 1s located on a base side of the
movable portion and restricted from moving. The movable
portion 1s allowed to elastically deform to incline toward the
side surface of the msertion hole, employing the fixed portion
as a fixed point of inclining. Further, the movable portion
includes a hit portion between the contact portion and the
fixed portion, the hit portion being located apart from the side
surface of the insertion hole. The hit portion 1s provided
capable of hitting, midway during inclining of the movable
portion toward the side of the side surface of the insertion
hole, against the side surface.

Further, a semiconductor testing device according to the
present invention, includes a circuit board on which the
above-mentioned connector 1s mounted.

In accordance with the present invention, at the beginning,
when the electronic component hits against the contact por-
tion, the movable portion can be elastically deformed while
using the fixed portion as the fixed point. After that, the
movable portion can start to elastically deform while using
the hit portion as the fixed point midway during the deforma-
tion of the movable portion. The hit portion 1s located
between the fixed portion and the contact portion, and accord-
ingly, the elastic force of the terminal elastically deforming
while using the hit portion as the fixed point, can be greater
than the elastic force of the terminal elastically deforming
while using the fixed portion as the fixed point. As a result, 1t
becomes easy to secure sullicient contact force simulta-
neously with reducing the insertion force required in the
isertion process of the electronic component.

Further, 1n an aspect of the present invention, the connector
may further include a second terminal formed into a plate
spring shape and arranged to face the terminal across the
course. The second terminal may 1nclude a second movable
portion and a second fixed portion. The second movable por-
tion may 1nclude a second contact portion on its tip side, and
the second contact portion may be located on the course of the
clectronic component. Further, the second movable portion
may extend from the second contact portion toward a side
surface of the msertion hole. The second fixed portion may be
located on a base side of the second movable portion and
restricted from moving. Further, the contact portion and the
second contact portion may have a positional difference in the
insertion direction of the electronic component. In accor-
dance with this aspect, the time when the insertion force for
the terminal reaches the maximum and the time when the
insertion force for the second terminal reaches the maximum
can be differentiated from each other. As a result, the maxi-
mum value of the sum of the required msertion forces can be
reduced.
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Further, 1n this aspect, the second contact portion may be
located at a deeper position 1n the insertion hole than that of

the contact portion, and the contact portion and the second
contact portion may respectively include guide portions, the
guide portions extending 1n an opposite direction to the mser-
tion direction of the electronic component and inclining to
expand the interval between them. Then, the guide portion of
the second contact portion may have an inclination angle with
respect to the isertion direction smaller than the inclination
angle of the guide portion of the contact portion with respect
to the insertion direction. With this structure, the insertion
force required for the second terminal can be smaller than the
insertion force required for the terminal, so that the electronic
component can be smoothly 1nserted into the connector.
Moreover, 1n this aspect, the second movable portion may
have a second hit portion between the second contact portion
and the second fixed portion, the second hit portion being
located apart from the side surface of the insertion hole. The
second hit portion may be provided capable hitting, midway
during inclining of the second movable portion toward the
side surface of the insertion hole, against the side surface of
the insertion hole. In accordance with this aspect, at the begin-
ning when the electronic component hits against the second
contact portion, the second movable portion can be elastically
deformed while using the second fixed portion as the fixed
point. After that, the second movable portion can start to be
clastically deformed while using the second hit portion as the
fixed portion midway during of deformation of the second
movable portion. The second hit portion 1s located between
the second fixed portion and the second contact portion, and
accordingly, the elastic force of the second terminal elasti-
cally deforming while using the second hit portion as the fixed
point can be greater than the elastic force of the second
terminal elastically deforming while using the second fixed
portion as the fixed point. As a result, it becomes easy to
suificiently secure the contact force of the second contact
portion simultaneously with reducing the insertion force
required 1n the insertion process of the electronic component.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a semiconductor testing
device including a circuit board on which a connector accord-
ing to the present invention 1s mounted;

FIG. 2 15 a perspective view of the connector and a cable
assembly connected to the connector;

FI1G. 3 1s an exploded perspective view ol the connector and
the cable assembly;

FIG. 4A 1s an exploded perspective view of the cable
assembly;

FI1G. 4B 1s an enlarged view of a part of FIG. 4A, which 1s
surrounded by a broke line B;

FI1G. 5 1s a cross-sectional view taken along the line V-V of
FIG. 3;

FIG. 6 1s an exploded perspective view of the connector
according to the present invention;

FI1G. 7 1s a cross-sectional view taken along the line VII-VII
of FIG. 3;:

FI1G. 8 15 a perspective view of a terminal provided into the
connector according to the present invention;

FI1G. 9 1s an enlarged cross-sectional view of the connector
according to the present invention;

FIG. 10 1s a cross-sectional view illustrating a process in
which the cable assembly 1s inserted into the connector
according to the present invention, showing a state where a tip
of the cable assembly hits against a contact portion of a first
terminal of the connector;
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FIG. 11 1s a cross-sectional view illustrating the process in
which the cable assembly 1s inserted into the connector

according to the present invention, showing a state where the
tip of the cable assembly passes by a top of the contact portion
of the first terminal, and hits against a contact portion of a
second terminal;

FIG. 12 1s a cross-sectional view illustrating a state after the
cable assembly 1s inserted 1into the connector according to the
present invention, showing a state where the tip of the cable
assembly has passed by a top of the contact portion of the
second terminal; and

FIG. 13 1s a graph showing examples of changes of inser-
tion forces required for insertion of the cable assembly. In
FIG. 13, a line A indicates insertion force required for the first
terminal, and a line B indicates insertion force required for the
second terminal. Further, a line C indicates the sum of the
insertion forces mndicated by the line A and the line B.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A description will be given of an embodiment of the
present mnvention while referring to the drawings. FI1G. 1 1s a
schematic view of a semiconductor testing device 10 on
which connectors 1 as examples of the embodiment of the
present invention are mounted. FIG. 2 1s a perspective view of
the connector 1 and cable assembly 6 connected to the con-
nector 1, and FIG. 3 1s an exploded perspective view of the
connector 1 and the cable assembly 6.

As 1llustrated 1n FIG. 1, the semiconductor testing device
10 includes: a test head 105; a motherboard 104 arranged on
the test head 105; a performance board (circuit board) 103
arranged on the motherboard 104; and a device socket 102
arranged on the performance board 103. A semiconductor
101 as a test target 1s mounted on the device socket 102, and
the semiconductor 101 1s connected to the performance board
103 through the device socket 102. A plurality of the connec-
tors 1 are mounted on a back surface of the performance board
103. The connector 1 includes a plurality of terminals 20 and
30 to be described later, and the respective terminals 20 and
30 are electrically connected to terminals of the semiconduc-
tor 101 through transmission lines formed 1n the performance
board 103 and through terminals provided in the device
socket 102. A plurality of connectors 8 are mounted on an
upper surface of the motherboard 104, and a plurality of
coaxial cables 7 accommodated 1n the motherboard 104 are
connected to each of the connectors 8 (refer to FIG. 2 or FIG.
3). The plurality of connectors 8 are individually held at
positions corresponding to the connectors 1 provided on the
performance board 103. Therefore, the plurality of connec-
tors 8 can be fitted at one time 1nto the connectors 1 corre-
sponding thereto, when the performance board 103 or the
motherboard 104 1s moved 1n a vertical direction. In this
regard, each of the cable assembly 6 1s constituted by the
plurality of coaxial cables 7 and the connectors 8 to which the
coaxial cables 7 are connected. Moreover, as 1llustrated 1n
FIG. 2, each of the connectors 8 includes attachment portions
82 for fixing the connector 8 to the upper surface of the
motherboard 104. The attachment portions 82 are fixed to the
motherboard 104, for example, by bolts or rnivets.

A plurality of connectors 106 are held on a lower surface of
the motherboard 104. Lower ends of the plurality of coaxial
cables 7 are connected to each of the connectors 106. On an
upper surface of the test head 1035, a plurality of connectors
107 connected to the connectors 106 are provided. Testing
modules 108 accommodated in the test head 103 are respec-
tively fixed to the connectors 107. The testing modules 108
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are connected to a testing-device main-body 109 through a
transmission line 110. The testing modules 108 generate test
signals under control of the testing-device main-body 109,
and the test signals are mputted to the semiconductor 101
through the coaxial cables 7, the connectors 1, the perfor-
mance board 103, and the like.

As described above, the semiconductor testing device 10 1n
this example includes the cable assemblies 6 employed as
clectronic components connected to the connectors 1. FIG.
4(A)1s an exploded perspective view of the cable assembly 6.
The plurality of coaxial cables 7 and the connector 8, which
constitute the cable assembly 6, are illustrated 1n FIG. 4(A).
FIG. 4(B) 1s an enlarged view of a part of FIG. 4(A), which 1s
surrounded by the broken line B. FIG. 5 1s a cross-sectional
view of the cable assembly 6.

Each of the coaxial cables 7 includes a signal line, and a
ground line which 1s shaped into a tube that surrounds the
signal line. As 1llustrated in FIG. 4 or FIG. 5, a cable terminal
70 fixed at the end of the coaxial cable 7 includes a signal
terminal 71 connected to the signal line and a ground terminal
72 connected to the ground line. In the example described
here, the signal terminal 71 includes a contact plate 71a
shaped nto a plate extending upward. The ground terminal 72
includes a base portion 72¢ which 1s formed into a semi-
tubular shape curved to cover the ground line and the signal
line, and the mner surface of the base portion 72¢ 1s attached
on the ground line. Further, the ground terminal 72 includes a
contact plate 72a which 1s formed 1nto a slim plate extending
upward from the base portion 72¢. The contact plates 71a and
72a are arranged next to each other. Further, the coaxial cable
7 includes a base 73 which 1s formed 1nto a slim board extend-
ing upward, and the contact plates 71a and 72a are disposed
on the base 73.

As 1llustrated 1n FIG. 5, the connector 8 has a plurality of
insertion holes 8a formed therein, the mnsertion holes 8a being
clongated 1n the up-and-down direction. Each of the insertion
holes 8a 1s open downward, and the cable terminals 70 are
respectively inserted into the msertion holes 8a from below. A
through-hole 856 1s formed at the back of each of the insertion
hole 8a, penetrating through the connector 8. The base 73 and
the contact plates 71a and 72a are arranged to protrude
upward through the through-hole 8b. The connector 8
includes protruding portions 81 extending upward from an
edge of the through-hole 8b. The base 73 and the contact
plates 71a and 72a, which have passed through the through-
hole 85, are arranged along the protruding portion 81.

In this example, as illustrated 1n FIG. 5, a plurality (four in
this example) of nsertion holes 8a are arrayed in the front-
and-back direction (Y1-Y2 direction), and the two adjacent
insertion holes 8a make a pair. The protruding portion 81
extends upward from between the through-holes 85 formed 1n
paired insertion holes 8a. The bases 73 and contact plates 71a
and 72a of two cable terminals 70 inserted into the paired
insertion holes 8a are located opposite to each other across the
protruding portion 81. Further, the insertion holes 8a 1n this
example are also arrayed in the right-and-left direction, so
that the protruding portion 81 1s formed into a board shape
clongated in the right-and-left direction (X1-X2 direction).
The cable terminals 70 disposed on the protruding portions 81
are also arrayed 1n the right-and-left direction. The pair of
bases 73 disposed on both sides of the protruding portion 81,
and the pair of contact plates 71a and 72a disposed on both
sides of the protruding portion 81, form each of inserted
portions 6a of the cable assembly 6, which 1s employed as a
portion inserted into the connector 1. The nserted portion 64
includes, on both sides thereof, the contact plates 71a and 72a
to be brought into contact with the terminals 20 and 30 pro-
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vided 1n the connector 1. In this regard, as 1llustrated 1n FIG.
4, both sides of the protruding portion 81 have a plurality of
wall portions 81a formed thereon, each of which extends
upward from between two through-hoes 85 next to each other.
The base 73 and the contact plates 71a and 72a are disposed
between two wall portions 81a next to each other (refer to

FIG. 3).

The 1nserted portion 6a includes a taper reducing in thick-
ness toward the tip of the mserted portion 6a. To be specific,
as illustrated i FI1G. 4(b) or FIG. 3, a taper 73a 1s formed on
the tip of the base 73. Further, the signal terminal 71 includes
a taper 715 on the tip of the contact plate 71a, and the ground
terminal 72 includes a taper 7256 on the tip of the contact plate
72a. The taper 73a and the taper 715 are arrayed from the tip
ol the inserted portion 6a, the taper 715 following the taper
73a. In a similar way, the taper 73a and the taper 7256 are also
arrayed from the tip of the inserted portion 6a, the taper 725
following the taper 73a. These tapers 73a and 715 and tapers
73a and 72b 1ncline with respect to an 1nsertion direction of
the cable assembly 6. In other words, the tapers 73a, 715 and
72b are disposed on right and left sides of the protruding
portion 81, and incline such that the interval between them
becomes smaller toward their tips, that 1s, the tip side of the
inserted portion 6a reduces 1n thickness toward 1ts tip.

A description will be given of the connector 1 1n detail.
FIG. 6 1s an exploded perspective view of the connector 1.
FIG. 7 1s a cross-sectional view of the connector 1. FIG. 8 1s
a perspective view of the first terminal 20 and the second
terminal 30, which are provided in the connector 1. FIG. 9 1s
an enlarged cross-sectional view of the connector 1. FIGS. 10
to 12 are cross-sectional views 1llustrating a process in which
the cable assembly 6 1s inserted into the connector 1. FI1G. 10
shows a state where the tip ol the cable assembly 6 hits against
a contact portion 21 of the first terminal 20 of the connector 1.
FIG. 11 shows a state where the tip of the cable assembly 6 has
passed by a top 21b of the contact portion 21 of the first
terminal 20, and hits against a contact portion 31 of the second
terminal 30. FIG. 12 shows a state where the tip of the cable
assembly 6 has passed by a top 315 of the contact portion 31
of the second terminal 30.

As 1llustrated 1n FIG. 6 and FIG. 7, the connector 1 includes
a housing 11, a plurality of first terminals 20, and a plurality
of second terminals 30, each of which 1s formed 1nto a plate
spring shape. The housing 11 has a plurality of insertion holes
11a formed therein, each of which penetrates the housing 11
in the up-and-down direction. The first terminals 20 and the
second terminals 30 are accommodated 1n the msertion holes
11, and are arranged to extend in an insertion-and-removal
direction (up-and-down direction (Z1-72 direction) in this
example) of the cable assembly 6. Further, the first terminal
20 and the second terminal 30 making a pair are disposed
inside one single insertion hole 11a, facing each other.

The plurality of insertion holes 11a are arrayed in the
right-and-leit direction (X1-X2 direction). As 1illustrated in
FIG. 9, each of the insertion holes 11a 1s defined by side
surfaces 115 and 114 facing each other in the front-and-back
direction (Y1-Y2 direction), and defined by wall portions 12,
cach partitioning two adjacent insertion holes 11a. The first
terminal 20 and the second terminal 30, which are inserted
into the insertion hole 11a, are alternately arrayed in the
right-and-left direction. Further, the plurality of insertion
holes 11a are also arrayed 1n the front-and-back direction. In
this example, the plurality of insertion holes 11a form two
rows elongated 1n the right-and-left direction. As described
later, fixed portions 23 and 33 formed on the first terminal 20
and the second terminal 30 are fixed to the housing 11, their
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movable portions 22 and 32 being allowed to elastically
deform toward the side surfaces 115 and 114.

The plurality of insertion holes 11a are formed so that the
inserted portion 6a of the cable assembly 6 1s 1nserted 1nto the
insertion holes 11a. In this example, the plurality of insertion

holes 11a arrayed in the right-and-left direction (X1-X2

direction) communicate with each other through their lower
sections, so that the inserted portions 6a can be inserted into
the lower sections of the msertion holes 11a. To be specific,
the wall portion 12 1s formed between two adjacent insertion
holes 11a, partitioning these holes. The wall portion 12 has a
recessed portion 12a formed therein, which 1s recessed 1n an
insertion direction (recessed upward (Z1 direction)) of the
cable assembly 6. Accordingly, the msertion holes 11a com-
municate with each other through the recessed portion 12a.
As described above, the inserted portion 6a includes the
board shaped protruding portion 81 elongated 1n the right-
and-left direction, and the contact plates 71a and 72a
arranged along both side surfaces of the protruding portion
81. The recessed portion 124 1s defined as a pair of edges 12¢
and 12c¢ facing each other and extending 1n the up-and-down
direction. The mserted portion 6a advances inside the hous-
ing 11 along the edges 12¢. In other words, a course C 1n
which the iserted portion 6a advances 1s defined by the edges
12c¢ of the recessed portion 12.

The first terminal 20 includes a contact portion 21 on 1ts tip
side. The contact portion 21 1s curved such that the middle
thereol swells toward the centerline CL of the course C 1in the
insertion hole 11a. The contact portion 21 1s located on the
course C 1n the insertion hole 114. In other words, the contact
portion 21 1s located closer to the centerline CL of the course
C than the edge 12c¢ of the recessed portion 12. Therefore, as
illustrated 1n FIG. 10, in an 1nsertion process of the cable
assembly 6, the tip (in this example, the tapers 73a and 715
provided on the tip of the cable terminal 70) of the mserted
portion 64 hits against the contact portion 21. In this example,
the contact portion 21 includes a guide portion 21a extending,
in a direction opposite to the insertion direction of the cable
assembly 6. The guide portion 21a extends to become more
distant from the course C, and thereby inclines at an angle 01
with respect to the insertion direction. In the msertion process
of the cable assembly 6, the tip of the inserted portion 6a first
hits against the guide portion 21a, and pushes the contact
portion 21 toward the side surface 115, which 1s located apart
from the course C, of the insertion hole 11a.

Further, the first terminal 20 includes a movable portion 22
which includes the contact portion 21 on the tip side of the
movable portion 22. The movable portion 22 extends from the
contact portion 21 toward the side surface 115 of the insertion
hole 11a. In other words, the movable portion 22 extends
obliquely with respect to the msertion direction of the cable
assembly 6 toward the back (that is, the deep section) of the
insertion hole 11a.

The first terminal 20 1includes a fixed portion 23 on a base
side of the movable portion 22. The fixed portion 23 1s fixed
to the housing 11 and 1s restricted from moving. In this
example, as 1llustrated in FIG. 8 or F1G. 9, the fixed portion 23
has a plate shape wider than the movable portion 22. The fixed
portion 23 1s arranged along the side surface 115, being in
contact with the side surface 115. Further, the fixed portion 23
1s sandwiched by, and held by, the wall portions 12, each of
which 1s defined as a wall partitioning the two adjacent inser-
tion holes 11a. Specifically, engaging portions 23a are
formed on right and left edges of the fixed portion 23. The
fixed portion 23 1s press-fitted into the insertion hole 11a, and
the engaging portions 23a are caught on the wall portions 12.
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As described above, the first terminal 20 1s formed 1nto a
plate spring, so that the movable portion 22 can be elastically
deformed to incline toward the side surface 115 of the inser-
tion hole 11a using the fixed portion 23 as a fixed point of
inclining. In other words, as illustrated 1n FIG. 10 and FIG.
11, the movable portion 22 can be elastically deformed so that
the contact portion 21 recedes from the course C toward the
side surface 115 (that 1s, so that the contact portion 21 1s
allowed to move 1n a direction perpendicular to the mnsertion
direction of the cable assembly 6). When the contact portion
21 1s pushed by the tapers 73a and 715 of the cable terminal
70, the movable portion 22 inclines while using the fixed
portion 23 as the fixed point. In this example, the movable
portion 22 inclines using an end 235 of the fixed portion 23,
which 1s defined as one end closer to the movable portion 22,
as the fixed portion.

The movable portion 22 includes a hit portion 24 between
the contact portion 21 and the fixed portion 23. As 1llustrated
in FI1G. 9, 1n a free state (state where external force does not
act on the movable portion 22) of the movable portion 22, the
hit portion 24 1s spaced apart from the side surface 115 of the
insertion hole 11a. In this example, a step 1s formed between
the hit portion 24 and the fixed portion 23. By forming the
step, the hit portion 24 1s located closer to the centerline CL of
the course C than the fixed portion 23, and has a gap formed
between the hit portion 24 and the side surface 115. In this
example a convex portion 11c¢ that protrudes toward to the
course C 1s formed on the side surface 115. The gap 1s formed
between the convex portion 11¢ and the hit portion 24. In the
free state of the movable portion 22, the hit portion 24 1s
arranged substantially parallel to the surface of the convex
portion 11c.

Further, the hit portion 24 1s provided capable of hitting,
midway during inclining of the movable portion 22 toward
the side surface 115, against the convex portion 11¢. Specifi-
cally, a distance between the hit portion 24 and the convex
portion 11¢ in the free state 1s defined such that the hit portion
24 can hit against the side surface 115 before the contact

portion 21 reaches a position (position of the contact portion
21 illustrated 1n FIG. 11 or FIG. 12) of receding from the

course C. Therefore, as 1llustrated in FIG. 10 and FI1G. 11, the
hit portion 24 hits against the side surface 115 during a period
between the time when the tip (here, tapers 73aq and 715) of
the cable terminal 70 hits against the guide portion 21a of the
contact portion 21 and the time when the tip of the cable
terminal 70 passes by the top 215 ofthe contact portion 21. To
be more speciiic, as i1llustrated 1 FIG. 10, at the beginming
when the tapers 73aq and 715 hit against the guide portion 21a
of the contact portion 21, the movable portion 22 inclines
toward the side surface 115, employing the end of the fixed
portion 23 as the fixed point of inclining. In this period,
though the hat portlon 24 1s approaching the side surface 115,
the hit portion 24 1s still spaced apart from the side surface
115. As illustrated 1n FIG. 11, when the tapers 73a and 715
pass by the top 215 of the contact portion 21, and the contact
plate 71a reaches the top 215 of the contact portion 21, the hat
portion 24 becomes pressed on the side surface 1156. The
distance between the hit portion 24 and the convex portion
11c¢1n the free state 1s defined so that the hit portion 24 can hit,
midway during shifting from the state of FIG. 10 to the state
of FIG. 11, against the convex portion 11c.

The movable portion 22 1s elastically deformable, employ-
ing the hit portion 24 as the fixed point. Therefore, aiter the hit
portion 24 hits against the side surface 115, the movable
portion 22 further inclines toward the side surface 115 while
employing the hit portion 24, in place of the fixed portion 23,
as the fixed point of inclining. The top 215 of the contact
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portion 21 1s pressed against the contact plate 71a by an
clastic force of the movable portion 22 having deformed
while using the hit portion 24 as the fixed point.

The distance L2 between the hit portion 24 and the contact
portion 21 1s smaller than the distance L1 between the end 235
of the fixed portion 23 and the contact portion 21. As a result,
the elastic force of the movable portion 22 having deformed
while using the hit portion 24 as the fixed point 1s larger than
clastic force of the movable portion 22 deformed while using
the end 235 of the fixed portion 23 as the fixed point. There-
fore, the top 215 of the contact portion 21 1s pressed against
the contact plate 71a with an elastic force larger than the
clastic force exerted by the movable portion 22 at the begin-
ning when the tapers 73a and 715 hit against the guide portion
21a.

As described above, the connector 1 includes the second
terminals 30. As 1illustrated in FIG. 9, each of the second
terminals 30 1s arranged to face the first terminal 20 across the
course C. In a stmilar way to the first terminal 20, the second
terminal 30 includes the contact portion 31, on1ts tip side. The
contact portion 31 1s curved such that its middle portion
swells toward the course C. This contact portion 31 1s also
located on the course C. Therefore, as 1llustrated in FIG. 11,
in the insertion process of the cable assembly 6, the tip (here,
tapers 73a and 725 provided on the tip of the cable terminal
70) of the mserted portion 6a hits against the contact portion
31. In this example, the contact portion 31 includes a guide
portion 31a. The guide portion 31a extends to become more
distant from the course C, and thereby inclines at an angle 02
with respect to the insertion direction, 1n a similar way to the
guide portion 21a. The tapers 73a and 725 first hit against the
guide portion 31a. The first terminal 20 and the second ter-
minal 30 are arranged to face each other, so that the guide
portion 21a and the guide portion 31a incline such that the
interval between them becomes wider toward their tips.

Further, the second terminal 30 also includes a movable
portion 32. The movable portion 32 includes the contact
portion 31 on 1ts tip side. In a similar way to the movable
portion 22, the movable portion 32 also extends from the
contact portion 31 toward another side surface (side surface
facing the side surface 115 on which the first terminal 20 1s
disposed) 11e of the insertion hole 11a.

The second terminal 30 includes a fixed portion 33 on the
base side of the movable portion 32. In a similar way to the
fixed portion 23, the fixed portion 33 1s fixed to the housing 11
and restricted from moving. In this example, the fixed portion
33 1s formed 1nto a plate shape wider than the movable portion
32, and 1s arranged along the side surface 11e. Further, the
fixed portion 33 i1s sandwiched by, and held by, the two
adjacent wall portions 12. Specifically, as illustrated 1n FIG.
8, engaging portions 33q are formed on rlgh‘[ and left edges of
the fixed portion 33. The fixed portion 33 1s press-fitted into
the insertion hole 11a, and the engaging portions 33a are
caught on the wall portion 12.

In a stmilar way to the movable portion 22, the movable
portion 32 1s elastically deformable to incline toward the side
surface 11e of the insertion hole 11a, employing the fixed
portion 33 as the fixed portion of inclining. In this example,
when the guide portion 31a of the contact portion 31 1s pushed
by the tapers 73a and 725, the movable portion 32 inclines
such that the contact portion 31 recedes from the course C,
using an end 335 of the fixed portion 33 as the fixed portion of
inclining.

The movable portion 32 includes a hit portion 34 between
the contact portion 31 and the fixed portion 33. As illustrated
in FI1G. 9, 1n a similar way to the hit portion 24, in a free state
(state where external force does not act on the movable por-
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tion 32) of the movable portion 32, the hit portion 34 1s spaced
apart from the side surface 11e of the nsertion hole 11a. In
this example, a convex portion 114 protruding toward the
course C 1s formed on the side surface 11e opposite to the side
surface 11e on which the first terminal 20 1s disposed. A gap
1s formed between the convex portion 114 and the hit portion
34.

Further, 1n a similar way to the hit portion 24, the hit portion
34 1s provided capable of hitting, midway during inclining of
the movable portion 32 toward the side surface 11e, against
the side surface 11e (convex portion 114 1n this example).

Therefore, as 1llustrated in FIG. 11 and FIG. 12, the hit por-

tion 34 hits against the convex portion 114 during the period
between the time when the tip (here, tapers 73a and 725) of
the cable terminal 70 hits against the guide portion 31a of the
contact portion 31 and the time when the tapers 73a and 725
pass by the contact portion 31. In a similar way to the movable
portion 22, the movable portion 32 1s also elastically deform-
able, using the hit portion 34 as the fixed point of inclining.

Therefore, after the hit portion 34 hits against the side surface

11e, the movable portion 32 further inclines toward the side
surface 11e while using the hit portion 34, 1n place of the fixed
portion 33, as the fixed point of inclining. The contact portion
31 1s pressed against the contact plate 72a by elastic force of
the movable portion 32, which 1s a force generated by using
the hit portion 34 as the fixed point.

In this regard, the distance 1.4 between the hit portion 34
and the contact portion 31 1s equal to the distance .2 between
the hit portion 24 and the contact portion 21. Therefore, the
contact portion 21 and the contact portion 31 are respectively
pressed against the contact plates 71a and 72a with forces
substantially equal to each other. Further, the distance L1
between the end 235 of the fixed portion 23 and the contact
portion 21 1s equal to the distance L3 between the end 336 of
the fixed portion 33 and the contact portion 31.

As 1llustrated 1n FIG. 9, the contact portion 21 of the first
terminal 20 and the contact portion 31 of the second terminal
30 have apositional difference 1n the insertion direction of the
cable assembly 6. In this example, the contact portion 31 of
the second terminal 30 1s located at a deeper position in the
insertion hole 11a than that of the contact portion 21. Spe-
cifically, the top 315 of the contact portion 31 1s located at a
deeper position 1n the insertion hole 114 than that of the top
21b of the contact portion 21. Thus, the top 315 of the contact
portion 31 faces an extending portion 22a which extends from
the end of the contact portion 21 to be located closer to the
side surface 115 than the top 215b.

As described above, the guide portion 21a and the guide
portion 31a incline such that the interval between them
becomes wider toward their tips. In this example, the 1ncli-
nation angle 02 of the guide portion 31a with respect to the
insertion direction 1s smaller than the inclination angle 01 of
the guide portion 21a with respect to the isertion direction.
Therefore, the rate of increase of the insertion force, which
increases 1n the insertion process of the cable assembly 6,
required for the first terminal 20 1s lower than the rate of
increase of the msertion force required for the second termi-
nal 30.

FIG. 13 1s a graph showing examples of changes of the
insertion forces. In FIG. 13, the horizontal axis represents
positions of the cable assembly 6, and the vertical axis rep-
resents the insertion forces. Further, in FIG. 13, a line A
represents the insertion force required for the first terminal
20, and a line B represents the insertion force required for the
second terminal 30. Further, a line C represents a sum of the
insertion forces represented by the line A and the line B.
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As shown by the line A, the insertion force starts to rise at
the time when the cable assembly 6 reaches a position P1
where the tapers 73a and 715 of the mserted portion 6a hit
against the guide portion 21 A of the contact portion 21. At this
time, the insertion force 1s required to exceed a sum of a
reaction force (force in an opposite direction to the insertion
direction) generated from the movable portion 22 deforming
to incline toward the side surface 115 and a frictional force
between the guide portion 21a and the tapers 73a and 715.
The msertion force required for the first terminal 20 becomes
maximum at a point P3 indicated 1in FIG. 13. After the cable
assembly 6 1s imnserted to a position P4 where the contact plate
71areachesthetop 215 of the contact portion 21, the insertion
force for the first terminal 20 1s required to exceed only the
frictional force between the contact plate 71a and the top 215
of the contact portion 21. Therefore, after the cable assembly
6 1s inserted to the position P4, the cable assembly 6 can be
inserted with insertion force F1 smaller than the insertion

force at the position P3.

Further, as shown by the line B, the insertion force required
tor the second terminal 30 gradually starts to rise at the time
when the cable assembly 6 1s inserted to a position P2 where
the tapers 73a and 725 hit against the guide portion 31a of the
contact portion 31. At this time, the nsertion force for the
second terminal 30 1s required to exceed a sum of a reaction
force generated from the movable portion 32 deforming to
incline toward the side surface 11le and a irictional force
between the guide portion 31a and the tapers 73a and 725b.

As described above, the inclination angle 02 of the guide
portion 31a of the contact portion 31 with respect to the
insertion direction 1s smaller than the inclination angle 61 of
the guide portion 21a with respect to the mnsertion direction.
Theretore, the insertion force required for the second terminal
30 ri1ses more gently than the insertion force required for the
first terminal 20.

The insertion force required for the second terminal 30
becomes maximum at a position P3 indicated in FIG. 13. As
described above, the top 3156 of the contact portion 31 1is
located at a deeper position in the insertion hole 11¢a than that
of the top 215 of the contact portion 21. Therefore, the posi-
tion PS5 where the insertion force required for the second
terminal 30 reaches the maximum 1s located further rearward
than the position P3 where the insertion force required for the
first terminal 20 reaches the maximum (that 1s, the position P35
located at a deeper position than the position P3). In this
example, a positional relationship between the top 215 and
the top 315 1s defined so that the position P5 is located at a
deeper position in the msertion hole 11a than the position P4
where the contact plate 71a reaches the top 215 of the contact
portion 21.

Further, the inclination angle 02 of the guide portion 31a of
the contact portion 31 1s smaller than the inclination angle 01
of the guide portion 21a of the contact portion 21, and further,
as 1llustrated in FIG. 9, a curvature of the contact portion 31 1s
larger than a curvature of the contact portion 21. Therelore,
the reaction force (force 1n the opposite direction to the 1nser-
tion direction) generated from the second terminal 30 1s
smaller than the reaction force generated from the first termi-
nal 20. As a result, the maximum value (1nsertion force at the
position P5) of the msertion force for the second terminal 30
1s smaller than the maximum value (insertion force at the
position P3) of the insertion force for the first terminal 20.

After the cable assembly 6 1s inserted to a position Pé
where the contact plate 72a reaches the top 315 of the contact
portion 31, the msertion force for the second terminal 30 1s
required to only resist friction between the contact plate 724
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and the top 315, and accordingly, the cable assembly 6 can be
inserted with insertion force F2 smaller than the insertion
force at the position PS.

As described above, the position PS5 where the insertion
force required for the second terminal 30 becomes maximum
1s located at a deeper position 1n the msertion hole 11a than
that of the position P4 where the contact plate 71a reaches the
top 215 of the contact portion 21. Specifically, the insertion
force for the second terminal 30 reaches the maximum after
the insertion force for the first terminal 20 reduces to the force
only resisting the friction between the contact plate 71aq and
the top 215 of the contact portion 21. Therefore, as shown by
the line C, the sum of the 1nsertion forces at the position P5 1s
lower than the sum of the insertion forces at the position P3.
Therefore, compared with a connector in which the sum of the
insertion forces becomes the maximum at the position P5, the
cable assembly 6 can be smoothly inserted 1nto the connector
1.

Finally, a description will be given of an attachment struc-
ture of the connector 1 to the performance board 103. As
illustrated 1n FI1G. 8, the first terminal 20 and the second
terminal 30 include pressed portions 25 and 335 respectively
extending upward from the fixed portions 23 and 33. The
pressed portions 25 and 35 extend upward, and are curved so
as to extend/shorten in the up-and-down direction. In other
words, the pressed portions 25 and 35 include extending
portions 25a and 35a and curved portions 256 and 355,
respectively. The extending portions 25a and 354q extend from
the fixed portions 23 and 33 toward the centerline CL of the
insertion hole 11a. The curved portions 256 and 356 extend
upward from the extending portions 25a and 35q, and are
curved such that the interval between them increases toward
their tips. The curved portions 255 and 355 include, on their
tips, contact portions 25¢ and 35¢ which face to the lower
surface of the performance board 103. When the contact
portions 25¢ and 35¢ are pressed on conductors (not shown)
formed on the lower surface of the performance board 103,
the pressed portions 25 and 35 warp downward such that the
positions of contact portions 25¢ and 35¢ lower. Inthis regard,
as 1llustrated in FIG. 6 or FIG. 7, the connector 1 includes a
housing 19, 1n addition to the housing 11, 1n which insertion
holes 19a and 194 are formed. The pressed portions 25 and 35
are respectively inserted into the 1nsertion holes 194 and 195.

As 1llustrated 1n FIG. 6, attachment portions 13 are pro-
vided on an outer surface of the housing 11. Each of the
attachment portions 13 1s attached to the performance board
103, for example, by a rivet or a bolt. Specifically, each of the
attachment portions 13 has a through-hole formed therein and
penetrating the attachment portion 13. The rivet or the like 1s
inserted through the through-hole, and 1s fixed to the perfor-
mance board 103. As a result, the pressed portions 25 and 35
are pressed on the lower surface of the performance board
103.

In this regard, when the housing 11 1s mounted on the
performance board 103, the housing 19 1s sandwiched by the
performance board 103 and the housing 11 (reter to FIG. 7).
Further, the housing 19 includes attachment portions 196 on
the outer surface of the housing 19. Each of the attachment
portions 196 has a through-hole formed therein, through
which the rivet or the like for attaching the housing 11 on the
performance board 103 1s mserted.

As described above, the connector 1 1includes the first ter-
minal 20 formed 1nto a plate spring arranged to extend in the
insertion-and-removal direction of the cable assembly 6. The
movable portion 22 of the first terminal 20 imncludes, on 1ts tip
side, the contact portion 21 located on the course C of the
cable assembly 6 1n the insertion hole 11a. The movable
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portion 22 extends toward the side surface 115, which 1s
positioned apart from the course C, of the insertion hole 11a.
Further, the first terminal 20 includes the fixed portion 23, and
the movable portion 22 1s elastically deformable to incline
toward the side surface 115 of the 1nsertion hole 11a while
using the fixed portion 23 as the fixed point of inclining.
Further, the movable portion 22 includes the hit portion 24
between the contact portion 21 and the fixed portion 23, the
hit portion 24 being spaced apart from the side surface 115 of
the 1nsertion hole 11a. Moreover, the hit portion 24 1s pro-
vided capable of hitting, midway during inclimng of the mov-
able portion 22 toward the side surface 115 of the insertion

hole 11a, against the side surface 115 of the insertion hole
11a.

In accordance with the connector 1 described above, as
illustrated in FIG. 10 and FIG. 11, the movable portion 22 can
be elastically deformed while using the fixed portion 23 as the
fixed point at the beginming when the cable assembly 6 hits
against the contact portion 21. Then, the movable portion 22
can start to be elastically deformed while using the hit portion
24 as the fixed point midway during elastic deformation of the
movable portion 22. The hit portion 24 1s located between the
fixed portion 23 and the contact portion 21. Accordingly, the
clastic force generated by the elastic deformation of the first
terminal 20, using the hit portion 24 as the fixed point, can be
greater than the elastic force generated by the elastic defor-
mation of the first terminal 20 using the fixed portion 23 as the
fixed point. As a result, the counter force generated when the
cable assembly 6 hits against the contact portion 21 can be
reduced, and a force for pressing the contact portion 21 onto
the conductor (here, contact plate 71a) of the cable assembly
6 can be sulficiently secured, by means of increasing the
distance between the contact portion 21 and the fixed portion
23 and reducing the distance between the contact portion 21
and the hit portion 24.

Note that the present invention 1s not limited to the con-
nector 1 described above, and a variety of alterations are
possible.

In the above description, the cable assembly 6 including
the coaxial cables 7 1s connected to the connector 1. However,
the electronic component connected to the connector 1 1s not
limited to the cable assembly 6. For example, a circuit board
or an electronic component such as a flexible printed circuit
(FPC) may be connected to the connector 1.

Further, 1n the above description, the hit portion 24 of the
first terminal 20 hits against the convex portion 11¢ formed on
the side surface 115 of the insertion hole 11a. However, the
convex portion 11¢ does not have to be formed on the side
surface 11b.

Further, the hit portion 24 hits against the surface of the
convex portion 11¢c. However, the convex portion 11¢ and the
hit portion 24 may be formed so that the hit portion 24 hits
against a corner of the convex portion 11c.

Further, 1n the above description, the connector 1 1s used in
the semiconductor testing device 10. However, the connector
1 may be used in other electronic instruments.

Further, the first terminals 20 and the second terminals 30,
cach making a pair, are provided in the connector 1. However,
only either of the first terminals 20 and the second terminals
30 may be provided 1n the connector 1.

Further, in the above description, the first terminal 20 1s
brought 1nto contact with the contact plate 71a, and the sec-
ond terminal 30 1s brought into contact with the contact plate
72a. However, the first terminal 20 may be brought into
contact with the contact plate 72a, and the second terminal 30
may be brought into contact with the contact plate 71a.
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We claim:

1. A connector, the connector comprising:

a {irst terminal, the first terminal being formed 1nto a plate-
spring shape and being arranged to extend 1n an insertion
direction of an electronic component to be connected to
the connector:;

a second terminal, the second terminal being formed 1nto a
plate-spring shape; and

a housing, the housing having an insertion hole formed
therein, the msertion hole being formed such that the
clectronic component can be inserted therein and
accommodating the first terminal;

wherein:
the first terminal includes:

a {irst contact portion, the first contact portion being
located on a course in the insertion hole through
which the electronic component passes;

a first movable portion, the first movable portion
including the first contact portion on a tip side
thereol and extending from the first contact portion
toward a side surtace of the insertion hole, the side
surface being spaced apart from the course; and

a first fixed portion, the first fixed portion being
located on a base side of the first movable portion
and restricted from moving;

the first movable portion 1s elastically deformable to
incline toward the side surface of the insertion hole,
employing the first fixed portion as a fixed point of
inclining;

the first movable portion includes a hit portion between
the first contact portion and the first fixed portion, the
hit portion being located apart from the side surface of

the insertion hole and being capable of hitting, mid-

way during inclining of the first movable portion

toward the side surface of the insertion hole, on the
side surtace of the insertion hole;

the second terminal 1s arranged to face the first terminal
across the course;

the second terminal includes:

a second contact portion, the second contact portion
being located on the course;

a second movable portion, the second movable por-
tion including the second contact portion on a tip
side thereof and extending from the second contact
portion toward another side surface of the insertion
hole; and

a second fixed portion, the second fixed portion being
located on a base side of the second movable por-
tion and restricted from moving;

the first contact portion and the second contact portion
have a positional difference 1n the 1nsertion direction
of the electronic component;

the second contact portion being located at a deeper
position in the insertion hole than that of the first
contact portion;

the first contact portion and the second contact portion
respectively include guide portions, the guide por-
tions extending in an opposite direction to the nser-
tion direction of the electronic component and 1nclin-
ing to expand an interval between them, the gude
portion of the second contact portion having a incli-
nation angle with respect to the mnsertion direction
smaller than the inclination angle of the guide portion
of the first contact portion with respect to the insertion
direction.

2. The connector of claim 1, wherein the second movable

portion further includes a second hit portion between the
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second contact portion and the second fixed portion, the sec-
ond hit portion being located apart from the side surface of the
insertion hole, and being capable of hitting, midway during
inclining of the second movable portion toward the side sur-
face of the insertion hole, against the side surface of the
insertion hole.

3. A semiconductor testing device comprising the connec-

tor of claim 1, the semiconductor testing device comprising a
circuit board on which the connector 1s mounted.
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